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ABSTRACT

The introduction of a special EnYAG
“FotonaSMOOTH®" modality has made it possible to
utilize the Err'YAG laser’s unique absorption
characteristics for minimally invasive yet highly
effective  non-ablative treatments. The clinical
outcomes of FotonaSMOOTH® treatments have been
substantially enhanced by a special “polka dot”
patterned beam (PS03-type) technology.

In this paper, we introduce a novel HC®
“HoneyComb™” beam pattern technology that mimics
the honeycomb pattern very often observed in nature
due to its most spatially-efficient design.
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I. INTRODUCTION

Due to its extremely high absorption in water (6 =
1 pm) the Er:YAG laser therapy has been extensively
investigated and employed for various ablative

procedures, including skin resurfacing and removal of
lesions [1-4].

More recently, the introduction of a special Er:YAG
FotonaSMOOTH® modality has made it possible to
utilize the unique Er:YAG laser technology for non-
ablative treatments as well [5-7]. As opposed to ablative
resurfacing, where the epithelium gets ablated, the non-
ablative FotonaSMOQOTH® laser uses a thermal pulsing
approach to induce tissue regeneration without obvious
epithelial injury. This non-ablative regeneration
modality has enabled a number of minimally invasive
yet very effective treatments in aesthetics, and as well in
ENT and gynecology [8-25].

The FotonaSMOOTH® mode modality is based on a
burst (train) of short micro-pulses comprising an overall
super-long SMOOTH macro-pulse (see Fig. 1). Based on
this dual-temporal characteristic, FotonaSMOOTH®
combines both fast and slow heating of the tissue. First,
due to the fast thermal diffusion from the very thin (= 1-
3 um) heated superficial tissue layer, the duration of the
thermal exposure to short micro pulses and to resulting
high temperature peaks (1) is extremely short (fup < 1
ms). On the other hand, the duration of the long-duration
temperature T, trepresenting the long-duration
temperature exposure to the overall SMOOTH mode
energy delivery, is longer, resulting in the long-duration
temperature exposure time (%) of up to several seconds.
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Fig. 1: FotonaSSMOOTH® mode Er:YAG laser
pulse sequence (an example for N = 6 is shown) and
resulting temperatures for an exemplary laser setting [7].

The importance of the difference in the cooling times
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for the two modes of thermal exposure during the
SMOOTH irradiation can be best appreciated by
considering that the thermal damage kinetics during laser
procedures is commonly described by the Arrhenius
damage integral [26-28], and that according to the VHS
(Variable Heat Shock) Arrhenius’ model, the critical
temperature (T,) for irreversible tissue damage is
relatively low (1. = 45-65 °C) for long thermal exposures
tap, and significantly higher (15> 250 °C) for extremely
short-duration exposures Zup.. [28].

Despite  the technique’s “smoothness”  the
regenerative  response  of  the  tissue  to
FotonaSMOOTH® treatments is substantial [5-25].
This is because the dual-heat delivery of the non-
ablative Er:YAG SMOOTH mode irradiation produces
two very distinct types of tissue reactions at different
tissue depths (see Fig. 2) [6, 25, 28]:

a) Intense Heat-Shock Biomodulation (i-HBM):
high peak temperatures (T,..; up to = 250 °C)
within the thin superficial tissue layer that last
for a very short time (FAST exposure);

b) Deep (see Fig. 1b) hyperthermia/coagulation:
lower levels of gradually increasing deeper heat
deposition with a longer exposure time (SLOW
exposure).

a) Intense heat shock

b) Deep hyperthermia/
bio-modulation (i-HBM) ) P e
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Fig. 2: The FotonaSMOOTH® dual heat delivery.

The conventional approach for tissue regeneration
focuses on a slow heating of the connective tissue, in
order to stimulate fibroblasts and other cells to respond
to wound healing scenarios [25, 53]. In contrast, the
FotonaSMOOTH® approach is based on an indirect
mechanism whereby the keratinocytes and other cells
located in the superficial layer above the basement
membrane ate activated (i.e., triggered) by extremely
fast and intense “heat shock” thermal pulses. The
intense heat shock biomodulation (i-HBM) is generated
by intense, very short thermal pulses of up to ~250°C
that create a superficial heat-shock event without
exceeding the critical temperature for tissue damage
[25, 28]. This stress generates a cascade of inter-cellular
communication that carries alarm signals triggering the
body’s bio-modulative repair mechanisms, including

fibroblast  proliferation, increased collagen, and
vascularization deeper within the tissue.
The contribution of i-HBM to the total

FotonaSMOOTH®-induced dual-regeneration process
has been recently evaluated by comparing treatment
efficacies of three FotonaSMOOTH® biomodulation
protocols in terms of the number of generated positive
fibroblasts per delivered laser fluence [29]. Figure 3 shows
the results of this in-vivo immune-histology study for
protocols designed to generate either predominantly i-
HBM or predominantly hyperthermic biomodulation, and
for a protocol combining both the i-HBM and
hyperthermic biomodulation effect. Results show that the
i-HBM contributes substantially to the tissue regeneration,
and that combining the i-HBM and hyperthermic
biomodulation mechanisms results in a significant
synergistic enhancement of tissue regeneration.
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Fig. 3. Compatison of treatment efficacies of three
FotonaSMOOTH® biomodulation protocols, in terms of the
number of generated positive fibroblasts per delivered laser

fluence, for skin depths of 200 pm, 800 um and 1600 pum [29].

Ignoring patients’ discomfort, the level of i-HBM
triggering can be increased by increasing the fluence (F)
and/or the number (NN) of delivered micro pulses.
Measurements have shown that the pain threshold
depends mainly on the long-exposure skin temperature
The at the end of the FotonaSMOOTH® pulse
sequence, and not on the peak skin temperatures (T
) following individual laser pulses within the sequence
[7]. Since the final base-line temperature (T)...) depends
on the total delivered laser fluence F-=}Fj, and T is
required to be below the pain threshold (determined to
be at ~ 47-48 °C without topical anesthesia, and at ~51-
52 0C with topical anesthesia) [7], this requirement puts
a limit on the maximally allowed fluence and number of
individual laser micro pulses, and therefore also on the
maximally achievable level of superficial heat-shock

triggering (i-HBM).

In addition to the delivered fluence, the final base-
line temperature depends also on how much the heated
tissue surface cools down in-between micro pulses. An
obvious way of increasing the effect of i-HBM without
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exceeding the pain threshold is therefore to reduce the
pulse repetition rate by extending the time #. (see Fig.
1) in-between the micro pulses (see Fig. 1). This is why
the V-SMOOTH  scanner variant of the
FotonaSMOOTH® modality allows the operator to
conveniently adjust the duration of the 6-pulse
SMOOTH train from 125 to 625 ms.

However, a substantial further enhancement of the
i-HBM effect can be achieved by increasing the rate of
tissue cooling. With this goal, special handpieces with a
unique “polka dot” patterned beam have been
developed, wherein the laser beam irradiates a number
of individual circular spots within the overall treatment
area [7, 10]. Patterned handpieces allow cooling of the
irradiated tissue not only by the heat diffusion deeper
into the tissue but also by the heat diffusion in a radial
direction away from the irradiated micro-spots, thus
increasing the range of the achievable i-HBM effect.

In this paper, we introduce a novel “honeycomb”
beam pattern technology as an alternative means for
enhancing the FotonaSMOOTH® generated i-HMB
tissue regeneration process.

II. MATERIALS AND METHODS

a) Apparatus

The Er:YAG system used was a Dynamis SP
(manufactured by Fotona, d.o.o. Slovenia). The laser
was flashlamp pumped and was fitted with a non-
contact scanning handpiece Fotona T-Runner. The
laser was operated in the scanning V-SMOOTH variant
of the FotonaSMOOTH® modality, with the adjustable
SMOOTH mode pulse duration zyoore = 125-650 ms.

Abdominal skin temperatures were measured using
a thermal video camera ThermaCAM P45
(manufactured by FLIR Systems, USA).

b) FotonaSMOOTH® modality

The FotonaSMOOTH®  technology  delivers
Er:-YAG optical laser energy in a stack (Nyax) of
SMOOTH mode pulses (see Fig. 4). The SMOOTH
mode pulse consists of six temporally spaced, micro
laser pulses (# = 0.3-0.45 ms) within an over-all
adjustable duration of #moorn = 125-650 ms. The
structure of the SMOOTH mode is designed to prevent
temperature build-up at the surface, and to achieve
homogenous heating within a several-hundred-microns
thick superficial layer of the treated tissue. The
cumulative fluence (F = }F; ; in J/cm?) and the
duration #uoorH.Nof the burst of the adjustable number
(Nstacx) of SMOOTH macro-pulses, and the repetition
rate (fin Hz or s-1) of the burst (i.e., of the SMOOTH
macro-pulses) can be set by the practitioner.

FotonaSMOOTH
< tstack —_—
1/f
tsmoorH [ ti
>

| 6 micro-pulses

e
SMOOTH

macro-pulse
Fig. 4. Temporal structure of the FotonaSMOOTH®
modality for Ny = 3. The total number of micro-pulses is
equal to N = 6 x Ny =18,

During and immediately following individual laser
micro pulses ; it is the rapid longitudinal cooling deeper
into the tissue that predominantly determines the thermal
exposure time. However, during the time in-between laser
pulses, the slower transverse cooling due to the heat
diffusion in the radial direction away from a laser irradiated
spot may become important as well (see Fig. 5). The
transverse cooling effect becomes more pronounced
for spot sizes smaller than ~1.5 mm (24), where the
transverse cooling time of 1.4 s (See Eq. 1) becomes
comparable to a typical duration #ux of the
FotonaSMOOTH pulse train.

b) Deep hyperthermia/
coagulation

a) Intense heat shock
bio-modulation (i-HBM)
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Fig. 5. a) Short-duration (< 1 msec) exposures to T
depend predominantly on a fast rate of longitudinal cooling
deeper into the tissue; b) Long-exposure duration (seconds)
to T,.x depends on both, the longitudinal cooling and as well
on the rate of cooling radially away from the irradiated spot.
This transverse cooling effect becomes more pronounced for
spot sizes smaller than ~1.5 mm .

c) Polka dot beam pattern

When irradiation is performed in a “full-spot”
manner a typical laser spot size 5 has a diameter Jlarger
than 5 mm, since having to cover the larger over-all
treatment area with a small spot size would be
impractical. The thermal relaxation time (TRT) due to
the diffusion of heat from a uniformly heated circular
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spot of diameter 4 can be calculated from [30]:
TRTpir[/e = ﬂQ/(l6 D) > (l)

where D is the skin’s heat diffusivity (D = 0.1 mm?2/s).
Since the TRT is longer than 15 s for d = 5 mm, the
transverse diffusion of heat does not have a significant
role in full-spot SMOOTH resurfacing treatments.

For this reason, patterned PS03-type (PS03, PS03X
and PS04) handpieces have been developed, where the
energy is delivered to the tissue in a “polka dot” pattern,
wherein the laser beam irradiates a number (M) of
individual spots § within the treatment area S’. Each
spot 5 having the size (e.g., diameter) 4 is separated
from a neighboring spot by the distance x (see Fig. 6).

The spot size d and the distance x are chosen such
that the spot size 4 = 0.8 mm, with I. = 2 mm, and the
tissue coverage TC = (M x area(S))/area(§) (in %) is in
the range of 25-30%. These parameters ensure that
during the time span of the SMOOTH mode pulse
(tsmootH), the thermal diffusion in the lateral direction
spreads the heat generated by laser radiation away from
alocalized spot S towards the surroundings of the spot,
thus effectively spatially homogenizing the slowly
varying temperature 1. across the area S”. According
to Eq. 1, the TRT of the PS03 spots is in the range of
0.4-0.6 s, which is comparable to or shorter than
tsmoorn. Thus, intense heat shocks with short exposure
time can be delivered to the localized spots S, without
causing long-term overheating of the treatment area S’.
In this way it is possible to create an intense heat
"needling" on about 30% of the surface of the tissue,
whereas the thermal injury in deeper layers is
approximately homogeneous (in the lateral direction),
since, in the deeper layers, the thermal diffusion spreads
the heat in all directions.

Fig. 6: “Polka dot” spatially patterned delivery of laser pulses
with the PS03 or PS03X handpieces.

The influence of the radial heat diffusion for small
diameter beams of the PS03 handpiece was investigated
in ref [7]. The resulting temporal profiles of soft-tissue
surface temperature during a sequence of 4 SMOOTH
macro-pulses, delivered by a full-beam (R11 with 7 mm
spot size) or by a patterned-beam handpiece (PS03 with

0.85 mm micro spot size) are shown in Fig. 7. As can be
seen, with the patterned handpiece, substantially higher
temperature peaks (T,a) were achieved without
increasing the final sequence temperature (1. = 50 °C).

Full beam (R11)
05 0 05 1 15 2 25 3

Time (s)

Patterned bearn (PS03)
Faster transverse cooling

Time (s)
Fig. 7. Temporal profile of the skin surface temperature during
a sequence of four SMOOTH mode macro pulses each
consisting of six micro pulses (resulting in 24 micro pulses) for
(@) F = 4.9 J/cm? with a full-beam handpiece (R11 with 7 mm
spot size); and (b) F; = 14.7 J/cm? with a patterned-beam
handpiece (PS03 with 0.85 mm micro spot size) [7].

It is to be noted that maximally the same energy per
overall laser spotsize can be delivered by both, either a
full beam or a patterned handpiece. This is because the
maximal temperature T,.= T: (See Fig. 7) which
determines the patient’s discomfort depends on the
overall delivered energy. Therefore, the level of the
deep thermal coagulation is not affected by the type of
the handpiece. On the other hand, the level of
superficial heat-shock triggering which is governed by
T, 1s increased significantly within the polka dot
spots due to the non-linear dependence of the short-
exposure Arrhenius process.

d) Honeycomb beam pattern

A question arises whether a better pattern structure
than that used in the PS03x handpiece can be found
where a similar coverage TC would be achieved with
even faster transverse cooling, and therefore with even
more intense heat-shock triggering.

Consider a pattern consisting of rings having the
same area as the circles of the standard circular pattern
(see Fig. 8). Assuming that the width d of the ring is
significantly smaller than its radius r then the TRT of
the ring can be calculated from [30]:

IRTring = P / D (2)

A comparison of the TRTs of the two shapes with
the same area where the diameter of the circle is equal
to 4 = 0.8 mm, shows that the TRT of the ring is
approximately 2.4-times shorter in comparison with
that of the TRT of the circle.
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Fig. 8: Example of a circular and a ring pattern with the same
surface area S.

An “ideal” patterned coverage of the treated skin
surface would be one where the surface is covered by a
tessellation, i.e., by a pattern of shapes that fit together
without any gaps, and where the laser radiation is
present predominantly on the perimeters of the
covering shapes. There are only three regular
tessellations: those made up of equilateral triangles,
squares, or regular hexagons (Fig. 9). Circles or rings
cannot cover a surface without gaps which act as an
insulation thus reducing the cooling rate of the pattern.

/ \

\ /

Fig. 9: Three regular tessellations: triangles, squates and
hexagons.

Out of these three shapes, the hexagon shape is
particularly unique since it is the most efficient way to
maximize area while minimizing perimeter [31-38]. As
can be seen in Fig. 10, even though the triangle (a) and
hexagon (b) have the same perimeter, the latter contains
the most triangles (six instead of four).

a) b)

Fig. 10: Example of a triangle (a) and a hexagon (b) having
the same perimeter. The hexagon contains more triangles (six
instead of four).

Itis for this reason that eatly philosophers have thought
that the honeycomb patterns in nature (see Fig. 10) are a
result of “heaven-instructed mathematicians” [35].

Therefore, laser heating of the skin along the
perimeters of hexagons is expected to result in the
shortest thermal relaxation time for the same laser-
irradiated surface, since for such pattern the heated
hexagons’ perimeters are surrounded by the largest
possible non-irradiated surface into which the heated
tissue patterns can diffuse the deposited heat.

Based on the above considerations, a special Fotona
“HoneyComb™” optics (HCS) has been developed, that
combines the laser propagation characteristics of the
Dynamis laser with the imaging characteristics of the
HC¢ optics. When the HC® optics is installed at the exit
of the standard Er:YAG scanner (T-Runner), the
standard full-beam pattern of the Fotona T-Runner
scanner is transformed into the honeycomb beam
pattern (see Fig. 11).

Fig. 11. Fotona HoneyComb HC¢ optics. By installing the
special HCS optics onto the exit of the standard Fotona T-

Runner scanner, the previously full-beam output is
transformed into a honeycomb-patterned beam.

e) Analysis

An analysis was performed in order to determine the
expected difference in the tissue regeneration effect
between the full-spot and honeycomb-patterned
configuration. The following modeling was applied: i) a
numerical model of the physical process of tissue
resurfacing, with the details of the physical model and
used parameters described in [5, 7, 46]; and ii) an
Arrhenius damage integral-based VHS (Variable Heat
Shock) chemical model of the tissue response to the

short-duration and long-duration thermal exposures, as
described in [5, 6, 7, 28].

According to the VHS model the critical
temperature for irreversible tissue damage represents a
combined effect of two limiting Arrhenius’ processes
(see Fig. 12), defining cell viability at extremely long and
short exposure times, t [28].

The analysis of the level of supetficial triggering (€2
HeM), and of the deep-tissue response represented by the
coagulation depth (g5.) was made for treatments at the
patient’s  pain  tolerance threshold for two
FotonaSMOOTH® treatment conditions: without and
with topical anesthesia.
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Fig. 12: VHS (Variable Heat Shock) model of tissue response
[27,39,40,41,42,45]. For very short thermal exposures the
critical temperature is significantly higher than what would be
expected from a single Arrhenius’ dependence determined
for thermal exposures longer than about 1 second.

Pain threshold. As has been shown in ref [7], the pain
threshold depends predominantly on T, with the
average pain threshold for different patient populations
defined by Ty = To + AT, = 48 0C for the
FotonaSSMOOTH®  treatment  without  topical
anesthesia, and T, = 51 °C for treatments with topical
anesthesia. The study also showed that the final base
line temperature growth AT, of the treated skin can
be estimated by:

A’I—;}zﬂx = 77 X E (3)
where
n = A tstackK . (4)

Here, the coefficients for the full beam treatments
of cutaneous tissue are A = 84 and K = - 0.43 [60],

where the slope 77 is in units of °C.cm?/J, and the
sequence duration #. is in milliseconds.

Amplitude of short-exposure supetficial triggering
(X2 mBy). As can be seen from Fig. 13, for extremely

short-duration thermal exposures (% < 1 ms), such as
encountered during exposures to high temperature
peaks T during Er:YAG smooth-resurfacing (see
Fig. 1), the critical temperature is above the soft tissue’s
threshold temperature of 256 °C required for Er:YAG
laser ablation [46]. This means that despite their
intensity, the high temperature peaks T,..; ate not
expected to cause irreversible damage. Instead, they
result in supetficial heat shocking, representing an
additional, indirect (-HBM) mechanism of action for
regenerating epithelial and deeper-lying connective
tissues [28, 47-52], which is complementary to the
conventional direct slow stimulation of fibroblasts [53].

The amplitude of superficial heat-shock triggering
was evaluated by assuming that the level of thermal
“needling” is related to the superficial damage resulting
from the short-duration exposures, the probability P; of
thermal damage caused by each pulse, i = 1...N,
calculated from

P =1-exp (-2)), ©

where the tissue damage response Qi was calculated
using a standard Arrhenius rate equation [26-27].

The probability-summation model [54, 55] was used
to calculate the cumulative short-exposure Arrhenius
process damage to the superficial tissue layer, following
a series of i = 1...N, intense short-duration thermal
exposures to Ty

Pispy (N) = 1- (1-P)(1-Py)....... (1-Py), 6)

and the superficial tissue response (€2.ppry) was then
obtained using Eq. 1, with P;and (€2)) replaced by Pirmu
and £ ppur.

It is to be noted here that although there is a
cumulative effect in multiple-pulse exposures [50], the
cumulative mechanism may vary depending on the type
of tissue and irradiation [55, 56]. Therefore, the short-
exposure tissue response L2y as calculated using the
probability-summation model should be taken merely
as an indication of the actual amplitude of heat-shock
triggering, and not as the absolute level of the
superficial tissue damage.

Long-exposure deep-tissue hyperthermia
/coagulation. The deep-tissue damage integral £,

resulting from the long-duration temperature extending
deeper into the tissue (see Fig. 1), is characterized
predominantly by the long-pulse exposure process. It
was calculated by integrating the damage over
temperature instead of over time, using the algorithm
developed for calculating tissue damage for temporally
non-square-shaped thermal exposure pulses [5, 6, 28].
The coagulation depth g, was obtained as the tissue
depth below which the calculated cell injury €2, was
smaller than 0.5. Based on the modeling, an
approximate formula was found for calculating z; (in

um), with F expressed in J/cm? and, #ue and
Texpressed in ms:

2= F (6.25 + 61.75 exp (-0.04 tyut/ T) , 7
where
T=exp (0.4 F). ()
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ITI. RESULTS

a) Measurements

Figure 13 shows the hexagonal output beam pattern
of the HC® T-Runner as detected on the thermally
sensitive paper (Fig. 13a) and measured by a thermal
camera (Fig. 13b).

Fig. 13: Hexagonal output beam pattern of the HC® -equipped
T-Runner scanner, as visible on a thermally sensitive paper (a)
and measured by a thermal imaging camera (b).

The measured temporal profiles of the skin surface
temperature during a sequence of 6 micro-pulses of a
single SMOOTH mode pulse, for the standard (full-
beam) T-Runner and for the HC¢-equipped T-Runner
are shown in Fig. 14.

1107 ~
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o Tmax-i - full spot
o 8of 6
é{ HC® honeycomb
— 7ol Full spot
60
Tmax - HC® and full spot
50
401
30 -
-1 0 1 2 3 4 5 6 7
Time [s]

Fig.14: Measured temporal profiles on the treated skin with
the full-beam or HC%-equipped T-Runner, for the same total
laser energy delivered during the 6 micro-pulses of the
SMOOTH mode pulse. The distribution of the laser energy
into the HC®s honeycomb patterns results in higher peak
temperatures T,.., however, the final temperature T,
remains unchanged.

The distribution of the laser energy into the
honeycomb patterns results in a higher fluence within
the hexagon’s perimeters as compared to the top-hat
full beam. As can be seen in Fig. 14, this leads to ~1.63-
times higher peak temperatures 1., however, due to
the faster transverse cooling of the hexagonal pattern,
the final temperature T, is the same for both T-
Runner configurations.

Figure 15 shows temperature profiles for the
honeycomb HC¢ and full-beam configuration, as

measured across a cross section of the treated skin for
successive (1-6) micro pulses of the SMOOTH mode
pulse.
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Fig. 15: Temperature profiles for the honeycomb HC® (a)
and full spot (b) configuration, as measured across a cross
section of the treated skin for successive (1-6) micro pulses
of the SMOOTH mode pulse. The same temperature scale
applies for both configurations, a) and b).

In detail, Fig. 16 shows normalized temperature
profiles immediately after the 5% micro pulse, and at a
delay of 100 ms after the 5™ micro-pulse. The
normalization was performed to compare temperatures
for the same energy per overall spotsize applied for
both handpiece configurations.

HC after 5th pulse FS after 5th pulse

AT (a.u.)

HC 100 ms after
Sth pulse

FS 100 ms after
Sth pulse

Fig. 16: Normalized temperature profiles for the honeycomb
HCS¢ and full-spot (FS) configuration, as measured across a
cross section of the treated skin immediately after the 5% micro
pulse, and at a delay of 100 ms after the 5 micro-pulse.

b) Analysis

Figure 17 depicts the calculated levels of heat shock
triggering (£2.4pr) and hyperthermia/coagulation depth
(20 for the FotonaSSMOOTH® treatment without (Fig.
17a) and with (Fig. 17b) topical anesthesia, as a function
of the number (Nuwx) of delivered SMOOTH mode
pulses.
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Fig. 17: Amplitude of intense heat shock biomodulation (€2:1p)
and coagulation depth (3) for the FotonaSMOOTH® treatment
without (a) and with (b) topical anesthesia, as a function of the
number (Nuwx) of delivered SMOOTH mode pulses. The
cumulative fluence F for each N, train was set to the maximal
allowed fluence at which the base- line temperature T, just
reaches the pain threshold (see Eqs. 3 and 4).

It is to be noted that increasing the number of laser
pulses reduces the superficial triggering effect (£2:1m),
since for the same pain threshold, and therefore for
approximately the same cumulatively delivered energy,
the energies and resulting T),..;0f the micropulses must
be decreased.

IV. DISCUSSION

The measurements demonstrate that the Fotona
Er:YAG T-Runner scanning handpiece, equipped with
the special HCS optics, generates a honeycomb-
patterned beam pattern (Fig. 14), the pattern that the
nature has found to be optimal for covering a surface
with the maximal area-to-perimeter ratio. (See Fig. 18)

The obtained honeycomb pattern leads to an
optimal enhancement of the transverse cooling,
resulting in a substantial enhancement of the intense
heat-shock biomodulation (i.e., superficial triggering),
without reducing the deep coagulation/hyperthermia
effect.

As can be seen from Fig. 17, while the full-spot
temperature AT drops by about 42% , the honeycomb
temperature drops substantially faster (by 72 %) within
the same time period. Since for the full-spot
illumination the contribution of the transverse heat
diffusion is negligible, the observed cooling rate for the
full-spot illumination can be attributed mainly to the
longitudinal heat diffusion. The 30% difference in the
cooling rates is therefore a result of the enhanced
transverse heat diffusion of the HC® pattern. This
additional cooling rate increase translates into a fast
transverse trelaxation time of TRT = 0.3 s, which is
sufficiently fast for substantially reducing the base-line
temperature build-up during the SMOOTH mode
macro pulses.

Without affecting the final base-line temperature
(Twax) and therefore also not the patients’ comfort, the
HCS optics enables the generated micro temperature
peaks (T,u) to be higher by a factor of 1.6 in
comparison to those achievable by the standard full-
spot T-Runner optics. This enhancement translates into
an even more substantial enhancement of the i-HBM
superficial triggering, by a factor of 2.5 (see Fig. 18).

If the combined regenerating effect (RsaoorH) of the
superficial heat-shock triggering and deep hyperthermia
of Fig. 18 is evaluated by a regeneration factor Rsuoor,
where:

Rsvoorn = amm x 30, ©)

where z.is in um, then the resulting dependence of
the FotonaSMOOTH® regeneration effect on Ny is
presented in Fig. 19 below.

It is to be noted that although (2ippy and 2, are
expressed in different units they represent a typically
used measure of the amplitude of the heat shock and
coagulation effect, respectively. However, since these
two effects are approximately independent of each
other, and are expressed in different units, their
product, and not for example their sum, was selected as
a suitable index.



Novel Honeycomb-Patterned SMOOTH-Mode Technology for Intense Heat Shock Biomodulation (i-HBM)

80
70 A —e—HC®
60 - —O—Full spot

o

Rsmoomy (a.u.)
w =y [0,
o o

=N
o o

o

40

stack

450
400 A
350 4
300 4
250 4
200 4
150 A
100 4
50 A

—@—Hcb
=O—Full spot

Rsmoom (2.u.)

'f

0 10 20 30 40 50
N.

stack

Fig. 19: Dependence of the FotonaSSMOOTH® regeneration
effect (Rsumoorr), without (a) and with (b) topical anesthesia,
as a function of the number (Ny.x) of delivered SMOOTH
mode pulses.

Assuming that the regeneration factor Rsmoorn
appropriately describes the synergistic effect of the two
FotonaSMOOTH® regeneration mechanisms, then the
optimal numbers of SMOOTH mode stacks is Ny =
2 — 5 for treatments without, and Ny« = 7 — 15 for
treatments with topical anesthesia.

Finally, Figs. 20 and 21 provide clinical examples of
the facial and body treatments performed with the HCo-
enbled FotonaSMOOTH® laser.

Fig. 20: Facial FotonaSMOOTH® treatment, before (left)
and after (right), using the HC%-enabled T-Runner Face.

Fig. 21: Abdominal FotonaSMOOTH® treafrﬁent, before
(eft) and after (right), using the HCS-enabled T-Runner
Body.

IV. CONCLUSIONS

In conclusion, the introduction of the HCS
HoneyComb™ technology has enabled optimally
patterned large-area FotonaSMOOTH® treatments
with the scanning T-Runner handpiece. Without
affecting the final base-line temperature (1)), the HCS
optics enables the generated micro temperature peaks
(Twax-)) to be 1.6-times higher in comparison to those
achievable by the standard full-spot T-Runner optics.
This enhancement translates into an even more
substantial enhancement (2.5 x) of the amplitude of
intense heat-shock biomodulation (i-HBM).

The HCS patterned-beam Er:YAG laser technology
thus represents an important addition to the already
widely used patterned PSO3-type manual handpiece
technology.
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